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(57) ABSTRACT 

A method for communicating betWeen nodes of a plurality 
of nodes is disclosed. Each node includes a plurality of 
processors and an interconnect chipset. The method issues a 
request for data from a processor in a ?rst node and passes 
the request for data to other nodes through an expansion port 
(or scalability port). The method also starts an access of a 
memory in response to the request for data and snoops a 
processor cache of each processor in each node. The method 
accordingly identi?es the location of the data in either the 
processor cache or memory in the node having the processor 
issuing the request or in a processor cache or memory of 
another node. A method for requesting data betWeen tWo 
directly coupled nodes in a router system is also disclosed. 
A method for requesting data betWeen three or more nodes 
in an interconnect system is also disclosed. A method for 
resolving crossing cases in an interconnect system is also 
disclosed. An interconnect system for coupling nodes 
directly or through a protocol engine is also disclosed. 
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SHARED MEMORY MULTIPROCESSOR 
EXPANSION PORT FOR MULTI-NODE SYSTEMS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to ports for a shared 
memory node, and more particularly, to scalable ports for 
connecting tWo or more nodes together. 

[0003] 2. Description of the Related Art 

[0004] Conventional scalable multiprocessors consist of 
multiple nodes that are connected together using an inter 
connect system. Each node consists of a processor, dynamic 
random access memory (DRAM), and an input/output (I/O) 
device. The processor, DRAM, and I/O device couple With 
a bus. Asingle chipset also couples With the bus and controls 
interactions betWeen all of the components. 

[0005] The single chipset also couples With a conventional 
interconnect port. A conventional interconnect port is an 
external interface that alloWs for physically connecting 
nodes together in an interconnect system. Connecting mul 
tiple nodes together may alloW for creation of a shared 
memory system. An eXample of a shared memory system is 
a Cache Coherent, Non-Uniform Memory Access (CC 
NUMA) architecture. 

[0006] In an interconnect system, to connect one node to 
another node requires an interconnect port. Where there are 
only tWo nodes, the interconnect port is optimized for 
communication betWeen these tWo nodes only. A dedicated 
interconnect port in tWo node systems is more popular and 
more commonly in use than systems having three or more 
nodes. HoWever, because the interconnect port is also dedi 
cated for such tWo node systems, the interconnect port is not 
scalable beyond tWo nodes. 

[0007] Interconnecting more than tWo nodes requires add 
ing additional hardWare betWeen the interconnect port and 
each additional node. This additional hardWare is used to 
scale the ports. The additional hardWare also increases the 
overall cost of the system. Further, the additional hardWare 
requires additional system space making it less suitable for 
limited space environments and applications. The additional 
hardWare also increases the number of signal delay points 
that, in turn, causes a decrease in overall system perfor 
mance. The additional hardWare and the problems it intro 
duces is another reason Why such conventional interconnect 
ports are not desirable for systems With only tWo nodes. 

[0008] In summary, some problems With conventional 
interconnect systems are that there may be a need for up to 
three different types of interconnect ports When adding or 
removing nodes from the interconnect system. If there is 
only one node, no interconnect port is needed. If there are 
tWo nodes, a non-scalable interconnect port is needed. If 
there are three or more nodes, a scalable interconnect port is 
needed. HoWever, this scalable interconnect port is ineffi 
cient for tWo node systems. 

[0009] Therefore, there is a need for an interconnect port 
that (1) is scalable, (2) has high performance in systems 
having three or more nodes, as Well as tWo node systems, 
and (3) does not increase system costs When additional 
nodes are added to the system. 
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SUMMARY OF THE INVENTION 

[0010] An interconnect system of the present invention 
includes nodes that are coupled together and communicate 
With each other. The interconnect system may include one 
node, tWo nodes, and more than tWo nodes. In the intercon 
nect system With one node, because there is only that node, 
there is no interconnect. In a tWo node system, both nodes 
may be directly connected to each other to form the inter 
connect system. In a more than tWo node system, each node 
does not directly connect to each other node. Rather, each 
node includes a protocol engine and all of the protocol 
engines couple together to form the interconnect system. 
Generally, each node includes a node control unit, a memory 
system, an input/output (“I/O”) system, and one or more 
processing units, e.g., central processing units. Each pro 
cessing unit includes an associated processor cache in Which 
data may be stored. 

[0011] In both the tWo node and more than tWo node case, 
the nodes couple together through an interconnect port. The 
interconnect port may be referred to as a scalability or 
expansion port. The interconnect port includes a physical 
layer, a signal protocol layer, a command protocol layer, and 
a coherence protocol layer. The physical layer receives or 
transmits signals. The signal protocol layer makes use of the 
physical layer and de?nes a relationship With either the 
received or the transmitted signal. The command protocol 
layer couples to the signal protocol layer and generates 
either a request for data in response to the received signal or 
a reply in response to preparing the transmitted signal. The 
coherence protocol layer makes use of the command proto 
col layer and provides a set of legal transactions for data in 
response to either the request for data or the reply. 

[0012] The physical layer, the signal protocol layer and the 
command protocol layer are symmetrical layers. The coher 
ence protocol layer is an asymmetrical layer. This advanta 
geous design of the interconnect port alloWs for universal 
application of the port to both tWo node and three or more 
node interconnect systems. The symmetrical design and 
structure of the port alloWs for each node in the interconnect 
system to be both a master and a slave. For eXample, in a tWo 
node interconnect system, the port alloWs for direct connec 
tion of tWo nodes. This provides operational efficiencies for 
the interconnect system so that both nodes can be a master 
and a slave and accordingly source requests and/or process 
requests. Further, the symmetrical nature of the port alloWs 
for connecting three or more nodes in an interconnect 
system, Without requiring additional system components or 
resources. 

[0013] The present invention also includes memory 
accesses With and Without pipelining. More particularly it 
includes local and remote coherence protocols that permit 
legal transactions for dual and multi-node systems. In a 
pipelined environment, the present invention increases over 
all system speed for data access because there is a latency 
reduction. For eXample, the present invention alloWs for a 
speculative snoop and a speculative memory access to occur 
even as a local memory access for data is occurring. Further, 
When a directory determines that data resides remotely, it 
does not need to Wait for a folloW-up to begin access of this 
data. This increases overall system efficiency and reduces 
latency. 
[0014] The present invention also handles crossing cases. 
In a crossing case, one side (or node) sends a request to the 
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other side (or node) for a particular address and receives a 
request for this address from the other side before receiving 
a reply to its request. An advantage of handling crossing 
cases as in the present invention is that such cases may be 
resolved Without discarding (or killing) subsequent proces 
sor requests. Rather, the subsequent request for data is 
bene?cially processed after the request that preceded it. 
Moreover, in some instances the subsequent request is 
advantageously processed before the preceding request, for 
eXample, When a particular request may not be retried. 

[0015] The features and advantages described in the speci 
?cation are not all inclusive and, in particular, many addi 
tional features and advantages Will be apparent to one of 
ordinary skill in the art in vieW of the draWings, speci?ca 
tion, and claims. Moreover, it should be noted that the 
language used in the speci?cation has been principally 
selected for readability and instructional purposes, and may 
not have been selected to delineate or circumscribe the 
inventive subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a block diagram of one embodiment of a 
scalable node in accordance With the present invention. 

[0017] FIG. 2a is a block diagram of one embodiment of 
a small system con?guration having a ?rst node and a 
second node in accordance With the present invention. 

[0018] FIG. 2b is a block diagram of one embodiment of 
a large system con?guration including, for eXample, ?ve 
nodes, in accordance With the present invention. 

[0019] FIG. 3 is a diagram of one embodiment of the 
protocol layering of a scalability port in accordance With the 
present invention. 

[0020] FIGS. 4a and 4b are process timing diagrams for 
one embodiment of local and remote memory access Without 
pipelining using a scalable node having a scalability port in 
accordance With the present invention. 

[0021] FIGS. 5a, 5b, and 5c are process timing diagrams 
for one embodiment of local and remote memory access 
With pipelining using a scalability port in accordance With 
the present invention. 

[0022] FIG. 6a is a process diagram for one embodiment 
of ?exible crossing case resolution using a scalability port in 
accordance With the present invention. 

[0023] FIG. 6b illustrates one embodiment for a process 
to determine a global order for processing a request for data 
in a crossing case. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] The ?gures depict a preferred embodiment of the 
present invention for purposes of illustration only. One 
skilled in the art Will readily recogniZe from the folloWing 
discussion that alternative embodiments of the structures 
and methods illustrated herein may be employed Without 
departing from the principles of the claimed invention. 

[0025] Scalable Nodes 

[0026] The present invention includes a scalable intercon 
nect port that alloWs for connecting tWo or more nodes in an 
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interconnect system (e.g., a routing system). The scalable 
interconnect port is advantageously symmetrical so that it 
can be used efficiently With tWo nodes or With more than tWo 
nodes. This bene?cially decreases the amount of additional 
hardWare in an interconnect system. 

[0027] The interconnect system communicatively couples 
the tWo or more scalable nodes so that instructions, data, and 
other signals may be passed betWeen each scalable node. 
Each scalable node includes a processing unit, e.g., a central 
processing unit, that processes the instructions, data, or other 
signals Within the interconnect system. 

[0028] FIG. 1 is a block diagram of one embodiment of a 
scalable node 105 in accordance With the present invention. 
The scalable node 105 includes a node control unit 110, a 
memory system 115, an input/output (“I/O”) system 120, 
and one or more processing units, e.g., central processing 
units 125a-125n (generally 125). The memory system 115 is 
a conventional memory system, for eXample, a dynamic 
random access memory system, a static random access 
memory system, or the like. The U0 system 120 is a 
conventional I/O system, for eXample, a storage device, an 
input device, a peripheral device, or the like. The central 
processing unit 125 is a conventional processing unit, for 
eXample, an Intel or Intel-compatible PentiumTM class or 
higher processor, a Sun SPARCTM class or higher processor, 
or an IBM/Motorola PoWerPCTM class or higher processor. 

[0029] The node control 110 communicatively couples 
With the memory system 115 through a ?rst set of signal 
lines 135a and communicatively couples With the I/O sys 
tem 120 through a second set of signal lines 135b. In 
addition, the node control 110 communicatively couples 
With each of the central processing units 125a-125n through 
a third set of signal lines 130. The ?rst set of signal lines 
135a, the second set of signal lines 135b, and the third set 
of signal lines 130 may be any signal communication 
medium, for eXample, a data bus, one or more data Wires, or 
the like. 

[0030] The node control 110 also forms a portion of a 
scalable (or scalability) port (or scalable interconnect port) 
150, With the other portion of the scalability port formed by 
another node control of another scalable node. Speci?cally, 
the node control 110 communicatively couples one or more 
other nodes through a node signal line 140. The node signal 
line 140 may directly couple With a node control of another 
node or it may directly couple With an interconnect system. 
As Will be further described beloW, the scalability port 150 
alloWs for coupling tWo scalable nodes back-to-back and it 
alloWs for coupling three or more scalable nodes together in 
an interconnect system. It is noted that the scalability port 
may also be considered an eXpansion port. 

[0031] Generally, the interconnect system may include 
one node, tWo nodes, and more than tWo nodes. The inter 
connect system With one node does not need an interconnect 
because there is only one node in the interconnect system. In 
a tWo node system, both nodes may be directly connected to 
each other to form the interconnect system. In a more than 
tWo node system, each node does not directly connect to 
each other node. Rather, each node includes a protocol 
engine, e.g., 340, and all of the protocol engines couple 
together to form the interconnect system. 

[0032] FIG. 2a is a block diagram of one embodiment of 
a tWo-node interconnect system in accordance With the 
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present invention. The tWo-node interconnect system con 
?guration includes a ?rst scalable node 210a and a second 
scalable node 210b. Each scalable node 210a, 210b is 
functionally equivalent to the scalable node 105 described 
above in FIG. 1. The ?rst scalable node 210a and the second 
scalable node 210b can communicatively couple back-to 
back through one or more node signal lines 140 Without 
requiring additional system components. More speci?cally, 
each node in the tWo-node interconnect system con?guration 
is symmetrical. That is, each node can function as a master 
(e.g., source a request) and a slave (e.g., process a request). 

[0033] During operation of the interconnect system, the 
?rst scalable node 210a and the second scalable node 210b 
may transmit instruction and data signals directly betWeen 
each other through the node signal line 140. Again, no 
additional components are required in the small system 
con?guration because the scalable nodes are symmetrical. A 
scalability port, e.g., scalability port 150, associated With 
each scalable node 210a, 210b ensures that there is sym 
metry betWeen the scalable nodes 210a, 210b. This reduces 
overall system costs because no additional hardWare, soft 
Ware, or ?rmWare such as a protocol engine is necessary to 
couple and operate the scalable nodes in a back-to-back 
con?guration. 

[0034] FIG. 2b is a block diagram of one embodiment of 
a multi-node (more than tWo nodes) interconnect system 
con?guration in accordance With the present invention. The 
multi-node interconnect system con?guration includes three 
or more scalable nodes 310a-310n (generally 310), node 
control lines 320a-320n (generally 320), protocol engines 
340a-340n (generally 340), and an interconnection system 
330. Each scalable node 310a-310n is functionally equiva 
lent to the scalable node 105 described above in FIG. 1. 
Each scalable node 310a-310n couples With the intercon 
nection system 330 through its respective node control lines 
320a-320n. The protocol engines 340a-340n alloW for com 
munication betWeen the nodes 310a-310n. 

[0035] Each scalable node 310 includes a scalability port, 
e.g., the scalability port 150, through Which communication 
betWeen the nodes is achieved. An advantage of including 
the scalability port 150 Within the scalable node 310, is that 
it alloWs for coupling tWo scalable nodes, e.g., 210, back 
to-back and it alloWs for coupling three or more scalable 
nodes 310 together through the interconnect system 330. 
The scalable node, e.g., 105, 210, 310, requires no additional 
components regardless of the communication coupling con 
?guration it uses. Thus, regardless of Whether scalable nodes 
couple back-to-back or through the interconnect system 330, 
a scalable node of the present invention provides for an 
ef?cient and ?exible communication protocol. 

[0036] FIG. 3 illustrates one embodiment of the protocol 
layering of a scalability port 150 in accordance With the 
present invention. In a preferred embodiment, the scalability 
port 150 comprises a communication protocol that is con 
?gured similar to a stacked structure. Speci?cally, the scal 
ability port 150 includes a physical layer 155, a signal 
protocol layer 160, a command/data protocol layer 165, and 
a coherence protocol layer 170. The physical layer 155 
communicatively couples the signal protocol layer 160. The 
signal protocol layer 160 communicatively couples the 
command/data protocol layer 165. The command/data pro 
tocol layer 165 couples the coherence protocol layer 170. 
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The physical layer 155, the signal protocol layer 160, and the 
command/data protocol layer 165 are symmetrical layers. 
Thus, signals and responses passing to and from these layers 
are symmetrical. For eXample, each request has a corre 
sponding reply and vice-versa. The fourth layer, the coher 
ence protocol layer 170, is not symmetric so that it can break 
deadlocks that may arise Within the interconnect system. 

[0037] The physical layer 155 de?nes the input and output 
connections or “pins” that are present on an integrated 
circuit chip or chipset. The signal protocol layer 160 de?nes 
What signals in the system do and their timings. The signal 
protocol layer 160 also determines When valid transactions 
occur Within the interconnect system. The command/data 
protocol layer 165 functions in a request and response type 
mode. In particular, the command/data protocol layer 165 
functions to issue or receive commands (including instruc 
tions) and data that is either requested or provided in 
response to a request for one or the other. 

[0038] The coherence protocol layer 170 de?nes legal 
transactions to maintain a global coherence protocol 
betWeen processors on different nodes. That is, the coher 
ence protocol layer 170 de?nes the rules for a given trans 
action involving the scalability port 150. The rules de?ne 
permitted transactions When a scalable node couples directly 
With another scalable node (legal transaction component 
172) and When a scalable node couples With an interconnect 
system (protocol engine component 174). 
[0039] Memory Access With and Without Pipelining 

[0040] FIGS. 4a and 4b are process timing diagrams for 
embodiments using remote and local memory access With 
out pipelining using the scalable node 105 having the 
scalability port 150 in accordance With the present inven 
tion. In particular, the Figures illustrate the timings and 
dependencies of various actions that take place When ser 
vicing a local memory access and a remote memory access. 
These timings and dependencies are shoWn When the scal 
ability port 150 of the scalable node 105 uses a simple 
request/reply command set rather than a pipelined command 
set. 

[0041] It should be understood that although the present 
description is With regard to requests for memory, one 
skilled in the art Will understand that the principles and 
concepts described herein are also applicable to other pro 
cessor requests, for eXample, input/output requests, com 
mand requests, resource requests, and the like. Each pro 
cessor request includes a content Which may be, for 
eXample, a request for data or input/output resources. For 
simplicity, the processor requests Will be generally referred 
to as requests for data. 

[0042] In addition, it Will be understood by those skilled in 
the art that a request for data includes providing a memory 
system address in Which the data is located. A description 
involving a “local” action includes an action at a node in 
Which a processor issued a request for data. Actions at other 
nodes involve “remote” action. For eXample, the processor 
125 request for local memory access involves accessing the 
memory system 115 Within the scalable node 105 in Which 
that processor 125 is located. This scalable node 105 may be 
referred to as a local node in this case. A request for remote 
memory access involves accessing the memory system of 
another scalable node. This scalable node may be referred to 
as a remote node in this case. 
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[0043] FIG. 4a illustrates a remote memory access in 
Which data is located in a remote node. In this case, a 
processor 125 issues 410 a memory access to remote 
memory to locate data. The node control 110 then deter 
mines 415 coherence on the local bus of the processor 125 
that issued the request for data. The coherence checks each 
processor on the local bus to see if it has a modi?ed copy of 
the data (or line) in its cache. If so, the data Will be supplied 
by that processor. In one embodiment, the determination 415 
of the coherence on the local bus is a serialiZed process. The 
scalability port, e.g., 150, can support any coherence pro 
tocol. Those of skill in the art Will recognize the various 
coherence protocols that may be applicable. 

[0044] Next, the process issues 420 a scalability port 
request for data. This request is to get the data from Where 
it is currently located. Speci?cally, this request includes a 
determination 425 of remote coherence and an access 430 of 
a remote memory system at a remote node. In one embodi 
ment, the determination 425 and the access 430 are concep 
tually separate, but function serially. 

[0045] Determining 425 remote coherence may differ in a 
tWo-node system verses a multi-node system. In a tWo-node 
system, determining 425 remote coherence involves a snoop 
(i.e., a query for data) of the remote bus. In a multi-node 
system, determining 425 remote coherence involves per 
forming a directory look-up operation. The directory look 
up operation provides the information on data stored in 
memory systems at other nodes. In a preferred embodiment, 
the directory is a table that is located in a memory or register 
that is separate from the protocol engine 340 and the other 
components of the node 105. In an alternative embodiment, 
the directory is located in a memory or register Within the 
protocol engine 340. Accessing 430 the remote memory 
includes accessing remote memories and snooping remote 
processor caches at the remote nodes for the data. 

[0046] Once the data is found through the remote coher 
ence or memory access operations, the data process prepares 
and issues 435 a scalability port reply message. This mes 
sage includes the data that Was requested by the processor 
125. The data is then sent 440 to the processor 125. 

[0047] FIG. 4b illustrates a local memory access in Which 
data is located at the local node. In this case, a processor 125 
issues 450 a memory access 460 to locate data in the local 
memory system 115. This data can be sent 480 directly to the 
processor 125 that requests the data. Simultaneously, the 
process determines 455 coherence on the local bus of the 
processor 125 that issued the memory access for data. The 
process then issues 465 a scalability port request for a 
coherence check. This request is to get the data from Where 
it is currently located. Speci?cally, this request includes a 
determination 470 of remote coherence. As discussed above, 
the determination 470 of remote coherence includes a bus 
snoop in a tWo-node system or a directory look-up in a 
multi-node system to determine Whether the data is located 
at another node. Although the data is local, the directory 
look-up is necessary to determine Whether a remote proces 
sor has cached the data at that remote node. 

[0048] If the data is cached at the remote node, the data is 
retrieved from that remote cache. Speci?cally, if data is 
located at a remote node the process prepares to issue 475 a 
scalability port reply that includes the data for the requesting 
processor. The data is then sent 480 to the processor 125. 
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Again, it is noted that the determination 455 of local bus 
coherence and the determination 470 of remote coherence 
are both serialiZed processes. In order to alloW data to be 
retrieved correctly, the local node must Wait for a response 
from the scalability port before returning data to alloW for a 
remote cache case. Because the local coherence is serialiZed 
With remote coherence, the response can be late, thus 
degrading performance. The pipelining process avoids this 
and provides increased data throughput performance. 

[0049] FIGS. 5a, 5b, and 5c are process timing diagrams 
for one embodiment of local and remote memory access 
With pipelining using a scalability port in accordance With 
the present invention. FIG. 5a is a process timing diagram 
for memory access With pipelining to remote memory. The 
process commences When the processor 125 issues 510 a 
memory access to remote memory. The process then pre 
pares to issue 512 a scalability port request for data. The 
process then goes out and gets the data. Speci?cally, the 
process accesses 516 remote memory, determines 518 coher 
ence at the local bus, and determines 514 remote coherence. 

[0050] The access 516 to remote memory includes access 
ing the memory systems of remote nodes to locate the data. 
The determination 518 of local bus coherence includes a 
memory snoop for data on the local bus Where the processor 
125 issuing the memory access is located. This process 
determines Whether the data is cached in a processor at the 
local node. 

[0051] In a multi-node system, the determination 514 of 
remote coherence includes a directory look-up at the local 
node to determine if the data is located at a remote node. In 
a tWo-node system, the determination 514 of remote coher 
ence includes either a speculative snoop operation or a 
speculative memory access operation at the remote node. In 
a tWo-node system, there is a speculative snoop operation 
that includes a snoop of remote caches of the remote 
processors at the remote nodes. This operation is referred to 
as speculative because the remote node is queried for data 
While the local node is also queried for data. This may be 
referred to as snooping. 

[0052] When the coherence determination 518 is com 
plete, the process issues 520 a scalability port folloW-up 
message. This message provides the process With informa 
tion as to Whether the data has been located in a local cache. 
Once the data has been located locally or remotely, the 
process prepares to issue 522 a scalability port reply mes 
sage that may include the located data. The data is then sent 
524 to the processor 125 that requested that data. 

[0053] FIG. 5b is a process timing diagram of memory 
access With pipelining to local memory. The process com 
mences When the processor 125 issues 530 a memory access 
to the local memory system 115. The process immediately 
accesses 536 the local memory system 115 in a speculative 
manner. The process then prepares to issue 535 a scalability 
port request. The process continues With a determination 538 
of coherence on the local bus as Well as a determination 534 
of coherence at the remote node. The determination 538 of 
local bus coherence includes a snoop in local processor 
caches to see if the data resides in any of these caches. 

[0054] The determination 534 of remote coherence func 
tions in one of tWo manners. For multi-node systems it 
includes a directory look-up to determine if the data is 
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located at a remote node. This may be referred to as a 
speculative directory look-up. In a tWo-node system there is 
either a speculative snoop operation or a speculative 
memory access operation of the remote node. The specula 
tive snoop operation includes a snoop of remote caches of 
the remote processors at the remote nodes. The speculative 
memory access operation accesses the local memory system. 

[0055] Next, the process issues 540 a scalability port 
folloW-up message. This message provides the process With 
information as to Whether the data has been located in a local 
cache. The folloW-up message may cancel the speculative 
snoops. Once the data has been located locally or remotely, 
the process prepares to issue 542 a scalability port reply 
message that includes the located data. The data is then sent 
544 to the processor 125 that requested that data. 

[0056] FIG. 5c is a process timing diagram of memory 
access With pipelining to local memory. In this case, the data 
is ultimately found to be in a remote node and the data is 
considered to be “dirty.” Dirty data means that the data may 
have been altered at the remote node. The process com 
mences When the processor 125 issues 550 a memory access 
to the local memory system 115. The process immediately 
accesses 556 the local memory system 115. The process then 
prepares to issue 552 a scalability port request. The process 
continues With a determination 558 of coherence on the local 
bus as Well as a determination 554 of coherence at the 
remote node. The determination 558 of local bus coherence 
includes a snoop in local processor caches to see if the data 
resides in any of these caches. 

[0057] The determination 554 of remote coherence is 
based on Whether there is a multi-node system or a tWo-node 
system. In a multi-node system a directory look-up deter 
mines if the data is located at a remote node. More particu 
larly, the directory look-up detects cache directory data, and 
then ultimately gets that data. In a tWo-node system there is 
either a speculative snoop operation or a speculative 
memory access operation of the remote node. A speculative 
snoop operation includes a snoop of remote caches of the 
remote processors at the remote nodes. A speculative 
memory access operation accesses the remote memory sys 
tem at the remote node. 

[0058] Next, the process issues 560 a folloW-up message 
and receives a pending hint message. The pending hint is for 
the local side remote directory. The pending hint message 
cancels, or stops, 564 access to the local memory system 
115. Because the data is knoWn to be in the remote node, for 
example, in a cache of a processor in the remote node, the 
process stops 564 the access to the local memory system 
115. Once the data has been retrieved from the remote node, 
the process prepares to issue 566 a scalability port reply 
message that includes the located data. The data is then sent 
568 to the processor 125 that requested that data. 

[0059] An advantage of the present invention is that it 
includes local and remote coherence protocols that permit 
legal transactions for dual and multi-node systems. In addi 
tion, in a pipelined environment, the present invention 
bene?cially increases overall performance for data access 
because there is a latency reduction. In particular, the 
speculative snoop and speculative memory accesses occur 
even as a local memory access for data is occurring. Further, 
When the process directly determines that data resides 
remotely, it does not need to Wait for a folloW-up to begin 
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access of this data. This further increases overall system 
efficiency and reduces latency. 

[0060] Crossing Cases 

[0061] In some transactions tWo or more scalable nodes 
may request the same data at, or relatively close to, the same 
time. These instances are referred to as crossing cases. In a 
crossing case, one side sends a request to the other side for 
a particular address and receives a request for this address 
from the other side before receiving a reply to its request. To 
resolve a crossing case, each scalable node must detect the 
crossing case and then folloW a set of rules that assists in 
determining an order for processing each request (or trans 
action) for data so that each side of a scalability port 
processes the requests in the same order. 

[0062] FIG. 6a is a process diagram for one embodiment 
of a ?exible crossing case resolution process using a scal 
ability port in accordance With the present invention. The 
process starts 610 and receives 615 a request for data from 
another node. The process matches 620 this request for data 
With a list of outstanding requests for data. In one embodi 
ment, the list of outstanding requests for data includes a list 
of addresses that is requested by a particular scalable node 
and a commit point for that data. The commit point is the 
time When the request for data by the scalable node is put in 
the list. 

[0063] Each side of the scalability port maintains its oWn 
commit list, Which may have requests listed in different 
orders due to crossings of requests. The system functions to 
resolve crossings of requests so that both sides of the 
scalability port use the same order With regard to processing 
requests. It is noted that in one embodiment, the list of 
outstanding requests for data is in a table format and is 
stored in the memory system 115 or in a separate memory. 

[0064] If there is no match 620 betWeen the current 
request for data and any data in the list of outstanding 
requests for data, the process proceeds to service 630 the 
request. In one embodiment, the process services 630 the 
request using either a non-pipelined or a pipelined process 
described above in FIGS. 4a to 4b and 5a to Sc. If there is 
a match 620 betWeen the current request for data and data in 
the list of outstanding requests for data, the process deter 
mines 625 a global order for processing the request for data. 
The global order process may cause a reordering in the order 
for servicing the data requests. One Way to reorder requests 
is by retrying the ?rst request such that When it is retried it 
comes after the second request. 

[0065] FIG. 6b illustrates one embodiment for a process 
to determine 625 the global order for processing the request 
for data. When the global order process starts 635 it deter 
mines 640 Whether the request for data is a request that may 
not be retried. If the request for data may not be retried, the 
global order process alloWs the crossing case resolution 
process to service 630 the request for data at the present 
time. If the request for data may be retried, the global 
process order determines 645 if the request is a priority 
command. In one embodiment the cache coherence protocol 
alloWs only one side of a scalability port to issue a non 
retriable request at a time. 

[0066] When the request for data is a priority, the global 
order process alloWs the crossing case resolution process to 
service 630 the request for data at the present time. If the 
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request for data is not a priority, the global order process 
determines 650 Whether there is a reply for data that is being 
serviced before it alloWs the crossing case resolution process 
to service 630 the request for data. More speci?cally, one 
node has priority over the other node, either by request type 
or by each side agreeing to Who has priority. A high priority 
is serviced Without any Wait, While a loW priority Waits for 
another reply to be sent. The process may service 630 the 
request using either a non-pipelined or a pipelined process 
described above in FIGS. 4a to 4b and 5a to Sc. 

[0067] An advantage of handling crossing cases as in the 
present invention is that such cases may be resolved Without 
discarding (or killing) subsequent processor requests. 
Rather, the subsequent request for data is bene?cially pro 
cessed after the request that preceded it. Moreover, in some 
instances the subsequent request is advantageously pro 
cessed before the preceding request, for eXample, When a 
particular request may not be retried. 

[0068] While particular embodiments and applications of 
the present invention have been illustrated and described, it 
is to be understood that the invention is not limited to the 
precise construction and components disclosed herein and 
that various modi?cations, changes and variation Which Will 
be apparent to those skilled in the art may be made in the 
arrangement, operation and details of the method and appa 
ratus of the present invention disclosed herein Without 
departing from the spirit and scope of the invention as 
de?ned in the appended claims. 

What is claimed is: 
1. An interconnect port con?gured to couple a plurality of 

nodes, each node including a plurality of processors, a 
memory system, and an interconnect chipset, the intercon 
nect port comprising: 

a physical layer con?gured to either receive or transmit 
electrical signals; 

a signal protocol layer coupled to the physical layer and 
con?gured to de?ne a relationship With either the 
received or the transmitted electrical signal; 

a command protocol layer coupled to the signal protocol 
layer and con?gured to generate either a request for 
data in response to the received electrical signal or a 
reply in response to preparing the transmitted electrical 
signal; and 

a coherence protocol layer coupled to the command 
protocol layer and con?gured to provide a set of legal 
transactions for data in response to either the request 
for data or the reply, 

Wherein the physical layer, the signal protocol layer and 
the command protocol layer are symmetrical and the 
coherence protocol layer is asymmetrical. 

2. The interconnect port in claim 1, Wherein the relation 
ship is a timing requirement for either the received or 
transmitted electrical signal. 

3. The interconnect port in claim 1, Wherein the reply 
includes the data identi?ed in response to the request for 
data. 

4. The interconnect port in claim 1, Wherein the legal 
transactions include transactions alloWable by at least one 
processing system of the plurality of processing systems. 
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5. A method for communicating betWeen nodes of a 
plurality of nodes, each node having a plurality of processors 
and an interconnect chipset, the method comprising: 

issuing a processor request from a processor of the 
plurality of processors in a ?rst node of a plurality of 
nodes; 

passing the processor request to each other node of the 
plurality of nodes; 

starting an access of a memory in response to the pro 
cessor request, the memory in a node having the 
processor issuing the processor request; and 

identifying the location of contents of the processor 
request in either the memory in the node having the 
processor issuing the request or a processor cache of a 
processor in the plurality of processors. 

6. The method for communicating in claim 5, Wherein 
identifying the location of the data further comprises issuing 
a snoop folloW-up in response to the contents being in the 
processor cache of the processor in the plurality of proces 
sors. 

7. The method for communicating in claim 6, further 
comprising obtaining the contents from the memory in the 
node having the processor issuing the request independent of 
a snoop folloW-up. 

8. The method for communicating in claim 6, further 
comprising canceling the request for the contents in 
response to receiving a snoop folloW-up. 

9. In an interconnect system having a plurality of nodes, 
each node having a plurality of processors, a method to 
request data comprising: 

issuing the request for the data from a local node; 

starting an access to a local memory in the local node; 

snooping a processor cache of each processor in the local 
node to determine if the requested data is in a processor 
cache of a processor in the local node and obtaining a 
copy of the data from the processor cache in response 
to the requested data being in the processor cache of a 
processor in the local node; 

snooping a processor cache of each processor in a remote 
node and obtaining a copy of the data from the pro 
cessor cache of the remote node in response to the 
requested data being in the processor cache of a pro 
cessor in the remote node; and 

retrieving the data from the local memory in response to 
the data not being in the processor cache of the local 
node or the remote node. 

10. The method to request data in claim 9, Wherein 
retrieving the data further comprises obtaining a copy of the 
data in response to the data being eXclusive data. 

11. In an interconnect system having at least three nodes, 
each node having a plurality of processors, a method to 
request data comprising: 

issuing the request for the data from a local node; 

conducting, in response to the request for the data, a 
look-up of a directory in a protocol engine to determine 
if an address for the data is in a remote node and 
retrieving the data from the remote node in response to 
the address of the data being in the directory; and 
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snooping a processor cache of each processor in the local 
node in response to the address for the data not being 
in the directory and retrieving the data from a processor 
cache of a processor in the local node in response to the 
data being located in that processor cache. 

12. The method to request data in claim 11, further 
comprising retrieving the data from a remote memory of a 
remote node in response to determining that the data is 
located in the remote node. 

13. The method to request data in claim 11, further 
comprising starting a speculative memory access of a 
memory in the local node in response to the request for data. 

14. The method to request data in claim 13, further 
comprising stopping the speculative memory access in 
response to receiving a pending hint from a remote node of 
the plurality of nodes Where the data is located. 

15. The method to request data in claim 14, further 
comprising locating the data in the local node in response to 
not receiving a pending hint from a remote node of the 
plurality of nodes. 

16. In an interconnect system including a ?rst node and a 
second node, a method for resolving crossing cases com 
prising: 

detecting a ?rst node request from the ?rst node to the 
second node substantially simultaneously With a sec 
ond node request from the second node to the ?rst node; 

selecting one of the ?rst node request or the second node 
request to be a correct request, the other node request 
being a non-selected node request; and 
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processing the correct request before processing the non 
selected node request. 

17. The method for resolving crossing cases in claim 16, 
Wherein the selecting step further comprises determining if 
the ?rst node request or the second node request is a 
non-retriable command. 

18. The method for resolving crossing cases in claim 17, 
Wherein the determining step further comprises: 

servicing the ?rst node request prior to the second node 
request in response to the ?rst node request being the 
non-retriable command; and 

servicing the second node request prior to the ?rst node 
request in response to the second node request being a 
non-retriable command; 

19. The method for resolving crossing cases in claim 17, 
Wherein the determining step further comprises: 

servicing the ?rst node request prior to the second node 
request in response to the ?rst node request not being 
non-retriable and being a priority command; and 

servicing the second node request prior to the ?rst node 
request in response to the second node request not 
being non-retriable and being a priority command. 

20. The method for resolving crossing cases in claim 16, 
Wherein the detecting step further comprises identifying a 
commit point at the ?rst node and at the second node. 


